
Misclassification of Smoking Status in
the CARDJA Study: A Comparison of
Self-report with Serum Cotinine
Levels

Lynne E. Wagenknecht, DrPh, Gregory L. Burke, MD, Laura L. Perkns, PhD,
Nancy J. Haley, PhD, and Gary D. Fnedman, MD

Introduction
Self-report is widely used to estimate

the prevalence of cigarette smoking al-
though it has been reported to underesti-
mate the true prevalence in some popula-
tions.' Consequently, a number of
biologic markers have been used to vali-
date smoking, particularly in studies of
cessation and of adolescent smoking.2
Few studies have examined the validity of
self-report in a general population sample
of smokers and nonsmokers, nor in a sam-
ple of Blacks.

The purpose of this study is (1) to
measure the discrepancy between smok-
ing prevalence rates as defined by self-
report and by serum cotinine, an objective
measure of nicotine exposure, using a co-
tinine cutoff point of 14 ng/mL;3-4 (2) to
assess the degree of misclassification of
reported nonsmokers by race, education,
and past smoking behavior; and (3) to in-
vestigate possible reasons for misclassifi-
cation.

Methods

week). Nonsmokers were classified fur-
ther as former smokers or as people who
never smoked. Subjects who were re-
ported being nonsmokers of cigarettes but
who reported the current use of either ci-
gars, pipe tobacco, smokeless tobacco, or
nicotine gum were excluded from the anal-
yses.

Smoking habit was also assessed at
the recruitment telephone contact approx-
imately 1 month prior to the examination.
A smoker was defined as someone who
smoked at least 100 cigarettes in his or her
lifetime and who currently smoked. The
reported number of hours per week that
subjects were exposed to cigarette, cigar,
or pipe smoke from others in their home
was used as a measure of environmental
tobacco smoke (ETS) exposure.

Serum cotinine was measured by ra-
dioimmunoassay8'9 at the American
Health Foundation in Valhalla, NY. Stan-
dard quality control procedures were
followed; the interassay coefficient of
variation was 7%. Based on previous in-
vestigations,3'4 cotinine levels equal to or
greater than 14 ng/mL were considered

The CARDIA study, a longitudinal
epidemiological study of the risk factors
for cardiovascular disease in a cohort of
5115 young adults aged 18 to 30 years, has
been described previously.5-7 The cohort
was recruited to consist of approximately
equal numbers of Black and White men
and women of varied educational back-
grounds. The data for this report were col-
lected at the first clinical examination con-
ducted in 1985 and 1986.

Smoking habit was assessed during
the examination by interview. Smokers
were defined as subjects who reported
current, regular use of cigarettes (at least
five cigarettes per week, almost every
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indicative of active smoking and not a re-
sult of ETS exposure.'0'1'

The Kolmogorov-Smirnov statistic
was used to test for differences in the dis-
tributions of cotinine between Whites and
Blacks and between former smokers and
those who never smoked. Differences in

ETS exposure between classes of non-
smokers were assessed using the
Wilcoxon rank sum test. Confidence in-
tervals were computed for differences be-
tween smoking prevalence rates using
variance formulas for rate differences and
taking the matched pairs into account.12

Results
Overall, the smoking prevalence rate

as defined by cotinine levels of at least 14
ng/mL was 1.3 percentage points higher
than that based on self-report (Table 1).
The largest discrepancies were observed
among the Black subjects; self-report un-
derestimated smoking prevalence by 3.3
percentage points among Blacks with a
high school education or less.

Of the 3445 reported nonsmokers,
145 had cotinine levels of at least 14 ng/
mL, for a misclassification rate of 4.2%
(Table 2). (The proportion of reported
smokers with cotinine levels of less than
14 ng/mLwas 78/1539, or 5.1%.) The mis-
classification rate was two times greater
among Black subjects than among White
subjects (5.7% vs 2.8%), almost three
times greater among those with a high
school education or less than among those
with more than a high school education
(7.5% vs 2.8%), and four times higher
among the reported former smokers than
among those who reported never having
smoked (11.2% vs 2.6%, all P < .0001).
Gender differences (not shown) were neg-
ligible.

The distribution of cotinine levels
among the 145 subjects misclassified as
nonsmokers differed from that among the
true smokers, i.e., reported smokers with
cotinine levels of at least 14 ng/mL (Table
3). One half of the misclassified subjects
had cotinine levels between 14 and 49
ng/mL whereas less than 10% of the true
smokers had cotinine levels in this range.
The distribution of cotinine levels equal to
or greater than 14 ng/mL was not signifi-
cantly different either between former
smokers and those who never smoked or
between the races (not shown).

One half (73/144) of the subjects mis-
classified as nonsmokers reported spend-
ing most of their time around smokers
whereas only 28% (906/3296) of the true
nonsmokers (reported nonsmokers with
cotinine of less than 14 ng/mL) reported
this behavior (P < .0001). This was con-
firmed by their self-report of the number
of hours they were exposed to ETS. The
misclassified nonsmokers reported
greater weekly exposure to ETS than the
true nonsmokers (medians: 5 hours vs 0
hours, P < .0001); among the misclassi-
fied subjects, Blacks reported greater
weekly exposure toETS than Whites (me-
dians: 6 hours vs 2 hours, P = .02). In
addition, nearly one half (29/67) ofthe mis-
classified former smokers reported having
quit smoking within the past yearwhereas
only 20% of the true reported former
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FIGURE 1-Receiver operating char-
acteristic curve for vary-
ing levels of serum coti-
nine by race. The false
positve rate (i.e., the pro-
portion of reported non-
smokers whose cotinine
level Is equal to or
greater than the given
cutoff point) Is the same
as the misciassification
rate as defined In this ar-
tide. Levels of cotinine
equal toorabovethe cut-
off point are considereci
characteristic of a
smoker. Self-report was
considered truth for the
calculation of these
values.

smokers reported having quit over that pe-
riod (P < .0001). Note that denominators
are reduced slightly due to missing values.

Approximately one third (42/145) of
the subjects misclassified as nonsmokers
had identified themselves as current
smokers at the recruitment interview one
month earlier. Misclassification rates, cal-
culated using smoking status as obtained
at recruitment, were slightly higher than
and yet consistent with those presented in
Table 1; rates were twice as high in Black
subjects than in White subjects (8.8% vs
3.8%) and three times higher in the re-
ported former smokers than in those who
reported having never smoked (14.5% vs
4.5%).

To investigate the posslbility that the
misclassification of these 145 reported
nonsmokers was due to the use of an in-
appropriate cotinine cutoff point, we ex-

amined the receiver operating character-
istic curve, which plots sensitivity against
the false positive rate13 (Figure 1). Cutoff
points in the upper left corner of the graph
maximize sensitivity and specificity. For
these analyses, self-report was considered
truth.

The cotinine cutoff point that led to
the best combined levels of sensitivity and
specificity in the overall cohort was 14
ng/mL (Table 4; note that sensitivity and
specificity are both quite high over a range
of cotinine cutoff points, from 9 ng/mL to
16 ng/mL). The race-specific cutoff point
that maxinized these parameters in the
Black subjects was slightly higher than
that in the White subjects (Figure 1, Table
4). (This was true across the entire range
of sensitivity and specificity.) Among
Black subjects, a cutoff point of 15 ng/mL
maximized these parameters, yielding a
sensitivity of 96.5% and a specificity of
94.7% (false positive rate of 5.3%). (Note
that the definition of the false positive rate
is the same as that of the misclassification
rate). Among White subjects, a cutoff
point of 9 ng/mL maximized these param-
eters, yielding a sensitivity of 94.4% and a
specificity of 96.3% (false positive rate of
3.7%).

Applying these race-specific cutoff
points to the entire cohort, the overall mis-
classification rate for reported nonsmok-
ers was 4.5% (155/3445); these rates re-
mained higher in Black subjects, as shown
above (5.3% vs 3.7%, P < .05). Using
these race-specific cutoff points to define
smoking prevalence led to findings similar
to those reported in Table 1, with a sig-
nificant yet smaller underestimation of
prevalence among Blacks (and also a sig-
nificant underestimation among Whites
with a high school education or less).

Disussion
These data indicate that self-report is

a fairly accurate estimator of smoking

prevalence in young adults. However,
judging by cotinine levels and using a cut-
offpoint of 14 ng/mL, smoking prevalence
is underestimated to a greater degree
among Blacks than among Whites, among
former smokers than among those who
never smoked, and among those with a
high school education or less than among
those with more.

Four possible reasons for misclassi-
fication were considered: (1) data
collection/entry errors, (2) reporting er-
rors, (3) ETS exposure, and (4) use of an
inappropriate cutoff point for delineation
of smoking status. In response to the first
possibility, data collection followed stan-
dard quality control procedures. No data
entry errors were found.

As for the second possibility, several
types of reporting errors could have oc-
curred. First, the subjects may have mis-
understood the smoking questions. In
fact, 29% of the 145 misclassified subjects
identified themselves as smokers at re-
cruitment. (It is possible that some of
these subjects quit smoking in the month
between the initial telephone contact and
their CARDIA examination; however, we
were unable to assess this.) Perhaps the
questions asked at recruitment more
readily identified the "light" smokers. In-
deed, a large number of the misclassified
subjects were light smokers, based on
their cotinine levels. Considering this ex-
planation, it was surprising that the mis-
classification rate was higher when com-
paring cotinine levels with smoking status
reported at recruitment.

Differential reporting error could ex-

plain the higher misclassification rate

among Black subjects. Compared with
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Whites, Blacks may underreport smoking
to a greater degree because they are, in
general, lighter smokers.6 However, when
the smoking status reported at recruitment
(the more liberal definition) was compared
with serum cotinine levels, the difference
in misclassification rates between White
and Black subjects persisted.

Another explanation of misclassifica-
tion, also a reporting error, is denial of
smoking. Study subjects may wish to re-
port behaviors consistent with a healthy
life-style. Responses received in the pos-
sibly less-threatening recruitment tele-
phone interview support this explanation.
Denial may be an important factor partic-
ularly among the former smokers, many
of whom reported having quit within the
past year. A desire to "kick the habit"
may lead these reported former smokers
to underreport their habit to the apparent
marked degree noted.

Furthermore, misclassification may
partially be the result of an inappropriate
cotinine cutoff point. However, this does
not appear to be the case; 14 ng/mL was
identified as the "best" cutoffpoint for the
overall sample. This concern is more rel-
evant to assessing the possible cause of
higher misclassification rates observed
among Black subjects. Race-specific coti-
nine cutoff points seemed necessary be-
cause of our earlier research, which
showed significantly greater cotinine lev-
els among Black smokers than among
White ones over all levels of reported nic-
otine exposure.7 Furthermore, the study
that originally proposed the use of a coti-
nine cutoff point of 14 ng/mL was con-
ducted with a small sample of White sub-
jects andmay notbe generalizable to other
samples.4 However, the race-specific cut-
off points that optimized sensitivity and
specificity were not considerably different
from 14 ng/mL, nor did they correct the
higher misclassification rates in Blacks.

Our use of self-report as the gold
standard for determining the best cotinine
cutoff point seems incompatible with our
initial challenge ofthe use ofquestionnaire
data to assess smoking prevalence. Nev-

ertheless, a measure of internal validity
suggests that self-report is reasonably
valid (i.e., the smoking status of 95% of
the subjects was concordant in the to-
bacco interview and recruitment even
though some discordance was expected).

Although, in general, exposure to
ETS is an unlikely explanation for mis-
classification, it should not be dismissed in
all cases. Reported ETS exposurewas sig-
nificantly higher among the misclassified
subjects and among Blacks. Thismaypar-
tially explain higher rates of misclassifica-
tion among Black subjects. Differences in
nicotine metabolism (i.e., longer elimina-
tion times for nicotine and its metabolites
even among nonsmokers) should also be
considered in further investigations of this
racial difference in cotinine levels.7,14

In summary, these data suggest that
self-report is a reasonably accurate indi-
cator of smoking prevalence in a biracial
cohort of young adults. Misclassification
is more pronounced among Black sub-
jects, former smokers, and those with a
high school education or less. Higher mis-
classification rates among Black subjects
could not be explained by the choice of a
cotinine cutoff point; however, reporting
errors may account for higher misclassifi-
cation rates among the former smokers
and the less educated. Although we iden-
tified slightly different race-specific cutoff
points than the previouslyproposed cutoff
point of 14 ng/mL, these points had little
effect on our findings. a
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